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Pharmacokinetics and pharmacodynamics of
antibiotics: relevance in clinical practice

The germ theory of disease based on the work of
Louis Pasteur and Robert Koch, links specific
microorganisms to diseases. Many factors affect
treatment outcome of infectious disease including
host defense mechanisms, site of infection, virulence
of the pathogen and pharmacological properties of
the antibiotic given to treat an infection. Of these,
the main factors responsible for appropriate
prescription by clinicians are choice and dose of
antibiotics.

In most instances the dose of antibiotics is based
more on habit than on science.Yet, knowledge of
their pharmacokinetic properties, pharmacodynamic
aspects, and mode of action can refine drug selection
and dosing regimens. Such selection would lead to
maximum therapeutic effect with minimum toxicity
and cost.

Pharmacokinetics is the study of the movements of
a medicine from its site of administration to the place
of its pharmacologic activity and its elimination from
the body. Pharmacodynamics is the study of what
medicines do to the body. Aspects of such processes
regarding antibiotics are discussed in this article.

Pharmacokinetic basis for antibiotic
treatment
In many infections the offending pathogen causes
disease in a specific organ or only in a specific
pathological compartment within an organ.
Antibiotics are usually administered far away from
sites of infection, and to effectively inhibit growth or
kill bacteria, they need to penetrate into the target
site in sufficient concentration. When selecting an
antibiotic, a crucial consideration is whether it can
reach the site of infection.This would depend on
physical barriers the molecule must cross, chemical
properties of the drug, and presence of multidrug
transporters. Poor penetration into an infected
anatomical compartment is likely to cause treatment
failure. Hence it is important to select an antibiotic
that can penetrate certain infected anatomical

compartments such as vitreous humour of the eye,
and the cerebrospinal fluid.

Pharmacokinetic properties of an antibiotic
determine its concentration at the site of infection,
which in turn is reflected by the serum concentration
profile over time (See panel 1).

Panel 1.  Factors affecting pharmacokinetics
of medicines

1. Release from dosage form
2. Absorption from site of administration to blood

stream
3. Distribution to various parts of body
4. Rate of elimination from body

The rate and extent of absorption of a medicine
determine its bioavailability and appropriate route
of administration. Bioavailability is considered 100%
when a medicine is administered intravenously (IV).
For drugs such as cephalexin, levofloxacin and
ciprofloxacin bioavailability is >90% even when
administered orally. A high bioavailability following
oral administration often permits inexpensive but
effective treatment of infection without using
injectables or hospitalisation. A major advantage
of replacing IV antibiotics with oral preparations is
avoidance of IV line sepsis. Replacing IV antibiotics
with oral formulations is not recommended for anti-
biotics given orally having <50% bioavailability.

The volume of distribution (V) measures the extent
of drug distribution in the body tissues and fluids. A
small V indicates that medicine is confined to plasma
or extracellular fluid (ECF) (eg. aminoglycosides,
cephalosporins), whereas a large V indicates an
extensive distribution to tissues (eg. azithromycin).
Volume of distribution of medicine can vary between
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patient populations such as neonates or adults,
and also from person to person in the same
population. Such variation is due to individual
differences in physiology and presence of comorbid
disease. Volume of distribution helps to determine
dose of medicine needed to produce a desired
plasma concentration. In clinical practice V is used
to calculate loading dose and to determine suitability
for removal by dialysis.

Clearance, a drug specific property, is the capacity
of the eliminating organ to metabolise and eliminate
a medicine. It depends on the intrinsic capacity of
the organ to remove a medicine and on the blood
flow to the eliminating organ. Clearance can vary
between individuals due to age, comorbidities and
concomitant use of other medicines. Dose reduction
or change in dosing frequency depends on
whether disease has affected the function and blood
supply of organs excreting the medicine. In such
circumstances the maintenance dose regimen
should be suitably changed. For example, the dose
of aminoglycosides is reduced and the dosing interval
is increased in people with renal impairment.
Alternatively, an antibiotic eliminated by another
organ such as the liver may be prescribed.

Pharmacodynamic basis for antibiotic therapy

Antibiotics inhibit growth or cause death of bacteria
by binding to specific bacterial structures or proteins.
To be effective an antibiotic must occupy an ade-
quate number of binding sites (ie. concentration),
and should remain at the site for a sufficient time for
appropriate antibacterial activity. Only the free
concentration of an antibiotic will exhibit anti-
bacterial activity.

Integration of how high (concentration) and how
long (time) an antibiotic level remains above  zero
concentration over a dosing interval is referred to
as area under the plasma concentration-time curve
(AUC). The AUC measures concentration of
medicine over a given time period and reflects the
amount of exposure of bacteria to the antibiotic over
a dosing interval.

Pattern of bacterial killing
The pattern of bacterial killing is either time-
dependent or concentration-dependent.

Minimum inhibitory concentration (MIC) is the
lowest serum concentration of an antibiotic that
will inhibit visible growth of bacteria after an over-
night incubation. When bacterial killing is time-
dependent, duration that the antibiotic concentration
remains above the MIC for bacteria in any one
dosing interval becomes the best predictor of clinical
outcome. Serum levels of such antibiotics should
remain above MIC of the target pathogen for at least
40% - 50% of dosing interval to ensure an optimum
degree of bacterial eradication. Once concentration
exceeds a critical value, which appears to be about
2 to 4 times above MIC for an organism, bacterial
killing proceeds at a zero order rate. Increasing drug
concentration beyond this does not increase
microbial death rate.

If concentration-dependent, bacterial killing
depends on the antibiotic concentration at the site
of infection, and this should be greater than MIC
for the organism. Increasing antibiotic concentration
up to a specific level increases rate of bacterial
eradication resulting in dose dependent bacterial
killing. Increasing beyond this concentration
will not increase the rate of bacterial killing. If
concentration is high enough, most bacteria die within
a short time and the effect of duration of exposure
to medicine is minimal. For such antibiotics the best

Figure 1. PK/PD parameters affecting antibiotic
potency.

(Source: http://www.medscape.com/viewarticle/479024)
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response occurs when concentrations are at least
10 times the MIC for the target organism at the
site of infection. This is the basis for using a loading
dose for such antibiotics. Loading dose will also
reduce tissue accumulation and thereby minimise
risks of adverse effects of antibiotics. Persistent
suppression of antibacterial growth following
antimicrobial exposure (post-antibiotic effect) also
occurs with antibiotics showing concentration-
dependent killing. This reduces the number of doses
needed to achieve effective antibacterial activity
(See panel 2).

PK/PD break point for antibiotics showing time-
dependent killing is the serum concentration above
MIC present for >40-50% of dosing interval. When
MIC is below break point, an organism is considered
as susceptible to the given antibiotic and resistant if
it is above. For concentration-dependent killing, the
major parameter that defines clinical and
bacteriological efficacy is ratio of 24 hour AUC to
MIC. This should be >25% for less severe infections
and immunocompetent hosts, and >100% for
severe infections and immunocompromised hosts.
PK/PD breakpoints for concentration-dependent
agents can be calculated from the formula AUC/25
or AUC/100.

Conclusions
PK and PD characteristics determine efficacy of
antibiotic treatment. Knowledge of PK and PD helps
clinicians to select the most appropriate antibiotic
regimen for an infection of a particular patient. This
knowledge would reduce use of inappropriate
antibiotics, emergence of bacterial resistance, and
cost of treatment.

Further reading
1. Jacobs MR. Optimisation of antimicrobial therapy

using pharmacokinetic and pharmacodynamic
parameters. Clinical Microbiology and Infections
2001; 7: 589-96.

2. Quintiliani R. Using pharmacodynamic and
pharmacokinetic concepts to optimize treatment
of infectious diseases.http://www. medscape.
com/viewarticle/479024

3. Turnidge J, Paterson DL. Setting and revising
antibacterial susceptibility breakpoints. Clinical
Microbiology Reviews 2007; 20: 391-408.

4. Ahern JW, Pierce KK. Pharmacokinetics:
Practical application to antimicrobial therapy.
Infectious Diseases in Clinical Practice 2011;
19: 16-24.

Pharmacokinetic/pharmacodynamic (PK/
PD) break points of antibiotics
MIC is an in vitro method to measure susceptibility
of bacteria to antibiotics. In contrast to using only
MIC, PK/PD based methods reflect in vivo
conditions and are more predictive of antibiotic
efficacy. PK/PD break point (susceptibility limit) of
an antibiotic is the antibacterial concentration
calculated from a PD parameter and the dimension
of such parameter which predicts efficacy in vivo.
Break points are used to define susceptibility and
resistance, and help in defining dosage regimens
capable of achieving the desired concentration of
an antibiotic.

Dr Chandanie Wanigatunge MBBS, MD, FCCP, Senior Lecturer in Pharmacology, Faculty of
Medical Sciences, University of Sri Jayewardenepura, Sri Lanka.
Email: caw@sjp.ac.lk
Competing interests: None

Panel  2.  Commonly used antibiotics according
to type of bacterial killing

Time-dependent Concentration-
killing dependent killing

• β-Lactams • Aminoglycosides
• Macrolides • Azithromycin
• Clindamycin • Fluoroquinolones

• Vancomycin
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Management of behaviour disorders in children

Problem behaviours are common in children.
Disorders of behaviour differ from these common
problems by being more intensive, burdensome and
persistent. They have an adverse effect on the child’s
emotional and functional wellbeing, and on others
associated with the child, including parents, siblings,
peers and teachers. Behaviour disorders are poorly
understood by parents and others. They are given
various explanations based on cultural and social
beliefs. As a result, children and families are often
denied much needed early intervention. Untreated
disorders persist and are harder to change in an older
child or adolescent.

Under the broad umbrella of behaviour disorders,
accepted diagnostic classifications identify different
types according to their main clinical features.
“Oppositional defiant disorder” (ODD), “conduct
disorder” (CD) and “attention deficit hyperactivity
disorder” (ADHD) are some diagnostic labels.
Maladaptive behaviours common to all these
disorders are hostility and aggression, temper
tantrums, disruptive and destructive behaviour,
defiance of adult authority, irritability and low
tolerance for frustration. These are the behaviours
that motivate the adult care givers to seek help. These
behaviours are also present in other conditions in
children, which are equally burdensome and need
different management. These are intellectual
impairment, developmental disorders such as autism,
learning difficulties, neurological disorders, mood
disorders, anxiety, difficult temperament and
disrupted family environment.

The content of this article is restricted to management
of behaviour disorders in children 5 to 12 years of
age. The preschool and adolescent age groups are
somewhat different in the underlying risk factors and
presentation of behaviour, so require separate
attention. The object here is to outline principles of
management of conditions with the above mentioned
problem behaviours and associated symptoms,
rather than discuss individual disorders.

Assessment of behaviour

Engaging parents in providing systematic and
accurate information is important from the outset.
At the time they seek medical help parents often
feel helpless and are intimidated by their child’s
behaviour, having tried and failed in managing them.
Often, the methods adopted by parents also result
in reinforcing the difficult behaviour. Information
obtained from parents should include (i) a description
of behaviour the parents consider as difficult (ii)
settings in which such behaviour occurs (iii) triggers
for such behaviour, and (iv) methods tried by parents
to settle the child. For example, if the parent does
not give immediate attention to a child’s request he
will lose temper, throw things, falls on the floor and
continuously screams. Parents give in to calm him
down. Such behaviour problems are seen in the
presence of parents but never in school. These details
are useful in understanding the pattern of  behaviour
and adopting preventive measures. A useful tool
to gather information is to get the parents to maintain
a diary of antecedents, the behaviour and conse-
quences (ABC of behaviour). Other useful sources
of information are the schoolteachers who can
provide information related to learning abilities,
classroom behaviour, peer interaction and com-
pliance with routines and rules in the classroom.

It is important to identify other conditions that make
a child more vulnerable to a behaviour disorders.
These are learning difficulties, developmental delay,
neurological problems such as epilepsy, and past
cerebral infections and traumatic brain injury.
Predispositions include premature birth, low birth-
weight and a family history of violence. Children with
more serious behaviour disorders such as conduct
disorder are recognised from the additional presence
of insensitivity to others, cruelty to animals, fire
setting, stealing and lying. Information equally
important to management are the factors that
maintain difficult behaviour, such as physical
punishment, chaotic and conflict-ridden family
environment, and unskilled parenting.
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Several standardised assessment tools are available
to screen inattention, hyperactivity, impulsiveness,
antisocial behaviour, emotional problems and
relationship difficulties. Underlying basis for learning
difficulties can be assessed using standardised tools
for measuring intelligence and cognitive skills. At the
end of assessment, sharing the composite clinical
formulation will help parents to understand the
multiple facets of the child’s problem rather than
focus on few individual behaviours.

Risk assessment

Risk assessment is important in view of the serious
short and long term consequences of behaviour
disorders in children. The aim is to identify risks
already present or with a high potential to occur,
such as educational failure, social rejection by peers
or from school, harm to others, harm to self, or risk
of receiving harsh punishments. For example, a child
with ADHD is at risk of early school drop-out, being
physically abused, and is prone to unintentional injury.

Parent education
Parents play an important role in management, but
often their expectation is to receive medication for a
quick-fix solution to the problem. Hence education
about the problem and involving them in setting
targets for management is important from the
beginning. Parents also need guidance to arrive at
realistic expectations of outcome. Risk assessment
is a useful guide here to identify priorities for
management and in taking preventive measures.

Parents look for possible causes of the problem and
have their own explanations, yet a valid cause is
difficult to find,  specially because these behaviours
are usually present from early childhood and multiple
factors contribute to persistence over time. Also,
parents often feel the child deliberately behaves in
ways to challenge them. On the contrary, child is
the victim of his own lack of skills to manage
frustration, emotional arousal and behaviour, and
needs parental help to remedy them. In addition to
clarifying misconceptions, parents need direct and
honest information in simple understandable
language about the nature of the child’s problem and
how they should contribute to management.

Psychosocial intervention
Intervention with parents in general involves in
helping them develop better and more effective
parenting skills. Physical punishments may have short
term success in containing the child’s behaviour, but
evidence shows that it is detrimental in the long term.
Parenting skills training involves empowering them
to set firm and consistent limits on the child’s
behaviour. Clear, precise communication of expected
behaviour is a valuable tool in establishing authority.
Limit setting should go hand-in-hand with noticing
and verbally acknowledging good behaviour
combined with a reward where possible. Predictable
daily routines are easier for children to comply with
than over-flexible, constantly changing ones.

Intervention with children involves helping them learn
appropriate behaviour in their relationships with
adults and other children, and in different social
settings. A range of evidence based methods are
known for social skills training and include individual
and group based methods. Anger management
training is used to encourage recognition of early
signs of emotional arousal and learning effective
methods to prevent loss of control. Improving
academic learning and other school-based skills
would help to prevent early school drop-out.

Use of medication

Medication is used in the management of several
concurrent disorders and symptoms in children with
behaviour disorders. Recommended doses for age
and guidelines for managing side-effects should
be followed. Use of multiple drugs should be
avoided as far as possible. Starting with a low dose
is recommended and abrupt stopping should
be avoided to prevent withdrawal or rebound
worsening of behaviour.

Methylphenidate 0.7-1 mg/kg/day is used in
controlling symptoms of ADHD (hyperactivity,
inattention, impulsiveness). Reduced appetite is
the commonest side-effect.  Weight, blood pressure
and heart rate need regular monitoring.

Second generation antipsychotics  are useful in
controlling anger and aggression. Ones that can be
used in children are aripripazole 2.5 - 5 mg and
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risperidone 0.5-1mg. Weight gain and risk of
metabolic syndrome occur with risperidone.

Other antipsychotics include haloperidol 0.75 - 3
mg once or twice a day. Extrapyramidal side-effects
should be carefully monitored. Benzhexol 1-2 mg
can be used to counteract side-effects.

Mood stabilisers are commonly used in anger and
aggression that is more severe and persistent.
Carbamazepine 100-200 mg, sodium valproate
100-200 mg and lamotrigine 50-100 mg are possible
choices. Lithium carbonate, though considered the
best anti-aggression drug, is best avoided in children
because of the side-effects.

Summary
Behaviour disorders in children should be recognised
early and managed, in view of their tendency to
persist if untreated, and their high social and
economic cost. Management should include not only
the problem behaviour but also the associated
learning difficulties, and improving social skills. The
parents are essential partners in the management

and should be supported. Medication is useful under
certain circumstances but need careful monitoring.

Further reading
1. Murray J, Farrington DP. Risk factors for

conduct disorder and delinquency: key findings
from longitudinal studies. The Canadian Journal
of Psychiatry 2010; 55: 633-42.

2. Connolly A, Vance A. Psychosocial factors
associated with parent and teacher reports of
aggression in children and adolescents with
attention deficit hyperactivity disorder. Australia
and New Zealand Journal of Psychiatry
2010; 44: 997-675.

3. Rutter M, Kim-Cohen J, Maughan B.
Continuities and discontinuities in psycho-
pathology between childhood and adult life.
Journal of Child Psychology and Psychiatry
2006; 47: 276-95.

4. Rosato NS, Corell CU, Pappandopulos E,
Chait A, Crystal S, Jensen PS. Treatment of mala-
daptive aggression in youth: CERT Guidelines
II. Treatment and on-going management.
Pediatrics 2012; 129: e1577-e1586.
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Statins in older adults

Summary
Statin use in people over 65 years of age is high.

A meta-analysis of older patients included in
randomised trials found good evidence that statins
reduce vascular events and mortality in people with
existing coronary heart disease.

In older adults, exposure to higher doses of statins or
higher potency statins does not increase their
effectiveness, but does increase the risk of adverse
effects such as myopathy and cognitive impairment.

Increasing age is a risk factor for adverse events with
statins. Older patients may be less resilient to these
effects.

Older patients may have more comorbidities and be
taking more concomitant drugs than the study
populations in statin trials. Applying the evidence for
statins to older individuals therefore requires frequent
review and consideration of the therapeutic goals and
potential benefits and harms.

Introduction
Statins (hydroxymethylglutaryl coenzyme A
reductase inhibitors) are the most commonly used
cholesterol-lowering drugs. They are being taken
by more than 40% of Australians over 65 years of
age.1 Although the prevalence of statin use increases
with age, the balance between evidence of their
benefits and the risk of adverse effects such as
myopathy or impaired cognition may change. In
extreme old age, preserving function and avoiding
frailty and injury in the short term may become more
important than longer term goals such as preventing
future cardiovascular events or even extending life.

Efficacy of statins
Older people have an increased risk of cardio-
vascular disease. However, epidemiological studies
suggest that the relative risk for coronary heart
disease associated with high cholesterol decreases

Key words: ageing, deprescribing, HMG CoA reductase
inhibitors, myopathy

(Aust Prescr 2013;36:79-82)

with age.2 In addition, in old age, there is an inverse
relationship between high cholesterol and the risk
of stroke3 and there are conflicting data on the
relationship between high cholesterol and non-
cardiovascular mortality.

Cardiovascular events
Statins are most beneficial for preventing
cardiovascular events in patients who already have
coronary heart disease. A meta-analysis of patients
with existing disease (aged 65-82 years) found
that all-cause mortality was significantly lower
with statins than with placebo (15.6% vs 18.7%)
over five years.4 This equates to a number needed
to treat of 28 over five years to save one life.
Approximately 25% of patients in the trials were
female. Frail older patients may have been excluded
because of comorbidity or organ dysfunction.

The role of statins in primary prevention of
cardiovascular disease in older people is unclear.
Their effects seem to increase over five years, with
only minimal benefits over placebo seen in the first
year.5 It is therefore important to consider the
patient’s probable lifespan when deciding whether
to start or continue a statin.

Studies of secondary prevention in patients with
cerebrovascular disease suggest that statins are
associated with a decrease in recurrent ischaemic
stroke but an increase in haemorrhagic stroke.5

Other clinical outcomes
There are very limited data assessing the impact of
statins on other outcomes such as frailty, physical
and cognitive function and institutionalisation.
Epidemiological data suggest that statins are not
associated with an increase in the risk of developing
frailty.6 This is a condition of increased vulnerability
to external stressors and an independent risk factor
for adverse clinical outcomes. Symptoms and signs
of frailty include complaints of fatigue, unintentional
weight loss and low grip strength. We recently
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investigated the relationship between statins and
institutionalisation and mortality, according to frailty
in community-dwelling men aged 70 years and
over. There was no association between statin use
and institutionalisation or death in older men. Statins
did not appear to improve mortality or delay
institutionalisation.7

Observational studies report conflicting results on
the association of statins and muscle mass, strength
and function. Results of randomised trials on the
effects of statins on cognition are conflicting.8 In
patients with dementia, statins do not significantly
affect cognitive decline, global function, behaviour
or activities of daily living.9 A recent pilot study of
statin withdrawal showed that statin reduction is
associated with improvements in cognitive function
in patients with Alzheimer’s disease. Moreover,
rechallenge with statins was associated with a decline
in cognition function.10

Statin dose
Meta-analyses suggest that 80% of the lipid-lowering
effect of statins occurs at half the maximal statin
dose.11 In older patients, the efficacy of statins for
secondary prevention of acute myocardial infarction
and death appears to be a class effect, with no
difference observed between high or low potency
statins.12 Surrogate markers, such as low density
lipoprotein cholesterol, should be interpreted with
care in older people. Epidemiological data indicate

that lowering low density lipoprotein cholesterol has
a smaller impact on the relative risk of coronary heart
disease as age increases.11

Adverse effects of statins
Adverse effects appear to vary between types and
doses of statins. The risk of common events such as
myopathy and liver enzyme elevations increases with
statin potency and exposure. The degree of statin
exposure (area under the concentration–time curve)
depends on dose, drug interactions and patient
factors including genetic polymorphisms. With
ageing, there is a decrease in body size, particularly
in muscle mass, and in hepatic and renal function,
so the same dose will result in a greater degree of
exposure in older patients.

Muscle symptoms
The most common adverse effects that limit treatment
with statins are muscle symptoms. These include
myalgia, myositis and rhabdomyolysis (Table 1). The
risks of muscle symptoms are related to the dose of
the statin.

The risk of muscle damage with statins increases
with age over 70 years, and with age-associated
factors such as multiple medicines use, comorbidity
and sarcopenia (low skeletal muscle mass and
function) (Table 2).

Table 1. Muscle symptoms associated with statins

Condition Clinical presentation Prevalence

Myalgia Musculoskeletal pain without 5–10% of patients in
creatinine kinase increase clinical trials

Myositis Muscle symptoms with elevated 0.1–0.2% of patients in
creatinine kinase clinical trials

Rhabdomyolysis Severe muscle symptoms with creatinine Rare
kinase greater than 10 times the upper
limit of normal, complicated by  myoglobinuria
and impaired renal function
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Statin myopathy is likely to have a greater impact in
older people, with limited musculoskeletal reserve,
than in younger people, who generally have more
muscle mass and strength and better mobility.

Liver enzyme increases
Elevated hepatic transaminases occur in 0.5-2% of
patients treated with statins and are dose-dependent.
Their clinical significance is uncertain and progression
to liver failure is very rare. The transaminases may
normalise if the statin dose is reduced and elevation
does not always recur if the patient resumes the
statin.13 The effect of ageing on the risk of hepatic
damage with statins is not known. In old age the
risk of drug-induced liver injury appears to increase
for some drugs, such as non-steroidal anti-inflam-
matory drugs, and decrease for others such as

paracetamol. While drug-induced liver injury is
commonly defined as moderate with an increase in
liver enzymes over 2.5 times the upper limit of normal
and severe at 5 times the upper limit of normal, these
thresholds may be lower in older people because of
their 30% decrease in liver mass.

Other adverse effects
The commonest adverse effects observed with statins
are gastrointestinal, such as abdominal pain,
constipation and nausea. A rare but serious adverse
event is reversible peripheral neuropathy.

An increased risk of diabetes with statins was
recently reported. Diabetes has also been found to
be more common in older patients and those taking
higher dose and higher potency statins.14

Table 2. Age-associated factors that increase the risk of rhabdomyolysis with statins

Risk factor Mechanism Association with old age

Concomitant medicines Pharmacokinetic drug – drug Increased prevalence of
interactions increase exposure to polypharmacy
statins (vary between statins)
Pharmacodynamic interactions
with other drugs that cause myopathy

Comorbidity
Renal and hepatic Increased exposure to statins Decreased renal and hepatic
impairment function in old age

Hypothyroidism Also causes myopathy Increased prevalence and difficult
clinical diagnosis in old age

Severe inter- Impaired metabolism results Increased prevalence in old age
current illness in increased exposure to statins

and may also cause myopathy

Low body weight Increased exposure to statins and Weight decreases, particularly
lower muscle mass muscle mass, in old age and

frailty

Adapted from Statins, macrolides and rhabdomyolysis. Medicines Safety Update No 5. Therapeutic Goods
Administration; 2010 Oct.
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Studies have reported reversible cognitive
impairment with statin use, both in patients with
previously intact cognition and in those with pre-
existing cognitive impairment.15-17 This prompted the
US Food and Drug Administration to change the
prescribing information for statins* and has been
noted by the Australian Therapeutic Goods
Administration.†

A recent randomised controlled trial in younger
patients suggested that compared to placebo, those
prescribed statins were more likely to report a loss
of energy and worsening exertional fatigue over six
months of treatment.18 This effect may have
considerable impact on older patients with less
functional reserve.

Drug interactions
Gemfibrozil is the drug most commonly associated
with statin-induced myopathy. When taken
concomitantly it inhibits the hepatic uptake of
statins (via the organic anion transporter poly-
peptide 1B1) and their biotransformation by
glucuronidases. There is a smaller increase in the
risk of myopathy with co-administration of other
fibrates and statins because this pharmacokinetic
interaction does not occur. The metabolism of
atorvastatin and simvastatin is inhibited by
cytochrome P450 3A4 inhibitors (for example
macrolide antibiotics, amiodarone), increasing the
risk of adverse effects (see Drug interactions: Fatal
rhabdomyolysis following voriconazole and
simvastatin, Aust Prescr 2012;35:88-9).

When should treatment be stopped?
When healthcare professionals and patients agree
that there is no clinical benefit of treatment or the
risks are greater than any potential benefit, treatment
should be stopped. Withdrawal or deprescribing of
statins should be considered when:

• the potential benefits are no longer clinically
relevant. In patients with severe physical or
cognitive impairments, or those in their last year
of life, therapeutic aims often change from
preventative to palliative and reducing the risk of
vascular events or mortality may not be relevant.

• patients have serious adverse effects such as
myositis, rhabdomyolysis or severe hepatic
failure

• patients have symptoms or signs consistent with
adverse effects in a temporal pattern consistent
with statin exposure, such as myalgia, moderate
or severe elevation of hepatic enzymes, cognitive
impairment or fatigue

• patients need medicines that interact with statins
(increasing the risk of toxicity).

Good opportunities to discuss withdrawal of
statins include comprehensive health assessments
by general practitioners or specialists, assessments
on admission to or discharge from hospital or on
entry to residential aged-care facilities, and after
medication reviews by accredited pharmacists.

Conclusion
Evidence supports statin use for secondary
prevention of coronary heart disease in older adults.
However, this age group has an increased risk of
adverse events from statins, particularly myopathy.
The effect of these drugs on frailty, disability and
institutionalisation is not well established. They are
likely to decrease the risk of these outcomes by
preventing vascular events, but to increase the risk
by causing myopathy.

Randomised trials in older people (frail and robust)
with clinically relevant endpoints are required to
inform therapy in this large and growing patient
population. Management of older adults relies on
extrapolation of the available evidence and frequent
reassessment as the patient’s physiology, pathology,
function and priorities change over time.
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